Purpose The aim of this study was to evaluate the internal and external responsiveness of the Short Musculoskeletal Function Assessment (SMFA), i.e. the instrument's ability to capture clinically important changes, in patients with hip fractures within the context of a randomized controlled trial. Methods To evaluate the internal responsiveness of the SMFA, the observed change and the standardized response mean (SRM) in relation to the change in the Dysfunction Index and the Bother Index were calculated. In order to calculate external responsiveness, an external criterion (EC) was constructed by using the Harris hip score. Receiver operating characteristic (ROC) curves and logistic regression analysis were used in the evaluation. Results Both the Bother and the Dysfunction SMFA indices displayed good internal responsiveness as expressed by significant change scores and by moderate and large SRMs, 0.76 and 0.96, respectively. The ROC curve and logistic regression analyses showed that both indices had acceptable external responsiveness and were able to discriminate between patients with a less good outcome versus a moderately good or good outcome based on the EC while the ability to differ between patients with moderately good versus a good outcome was limited. The percentage of correctly classified cases was 64% (good/ moderately good), 80% (good/less good), and 74% (moderately good/less good) for both the Dysfunction and Bother Indices. Conclusions The SMFA had good overall responsiveness in patients with hip fractures and, based on our results, we conclude that the SMFA can be recommended for use as one of the measures to evaluate the outcome after a hip fracture. 
Introduction
In orthopedic studies, the outcome is frequently reported using basic measures such as range of motion, fracture healing, the need for revision surgery, and mortality. Additionally, in modern studies, the functional outcome is more and more often reported using region-or diseasespecific outcome instruments that are now available for most body regions and for a number of diseases and injuries [1, 2] . The major disadvantage of these specific instruments is that they do not allow a comparison of the outcome in patients with different or multiple injuries/ diseases, which is necessary in cost-effectiveness analyses used in healthcare evaluations [3] . To partly overcome this disadvantage, instruments for assessing the health-related quality of life (HRQoL) have been used.
HRQoL is a wide ranging concept affected in a more complex way not only by the injury or disease itself, but also by comorbidities and events in the patient's environment. However, due to their design, the quality-of-life instruments may be less sensitive for detecting small but yet important changes, i.e. they may have a limited responsiveness [4, 5] .
The Short Musculoskeletal Function Assessment (SMFA) was developed by Swiontkowski et al. [6] to study differences in the functional status of patients with a broad range of musculoskeletal disorders. The SMFA can be used to assess and compare all types of musculoskeletal injuries and diseases, also in patients with multiple injuries, and has the potential to be a universal instrument for assessing the outcome in patients with musculoskeletal disorders. The SMFA is one of the outcome measures recommended by the American Academy of Orthopaedic Surgeons and has been translated to several languages and recently also into Swedish and validated for patients with various orthopedic injuries and disorders (the SMFA-Swe) [7] .
Responsiveness is related to an instrument's ability to capture clinically important changes [4, 5] . Two major aspects of responsiveness can be described, namely internal and external responsiveness [8] . Internal responsiveness refers to situations in which the respondents are measured at at least two points in time between which it can be expected that a change has taken place in the studied variable or variables. External responsiveness employs an external criterion (EC) representing a standard to which the instrument whose responsiveness is to be evaluated is compared, e.g., by using correlation analyses or ROC curves [5] . The determining factor here is the association between the EC and the other measure, which implies that the EC must represent the qualities the researcher wishes to capture with the new measure. Use of both forms of responsiveness has been recommended to obtain a comprehensive and accurate picture of the responsiveness of a measure [8] .
The responsiveness of the SMFA has not been evaluated more specifically for elderly patients with a hip fracture, and the previous validation study of the SMFA-Swe did not include any hip fracture patients [7] . The aim of this study was to evaluate the internal and external responsiveness of the SMFA in this patient cohort within the context of a randomized controlled trial (RCT).
Patients and methods

Patients
One hundred and twenty patients with an acute displaced femoral neck fracture (Garden III and IV) [9] after a fall were entered in the study. The inclusion criteria were age 70-90 years, no previous hip disorder, absence of severe cognitive dysfunction (C3 correct answers on a 10-item mental test, i.e. the Short Portable Mental Status Questionnaire (SPMSQ) [10] , independent living status (i.e. not institutionalized), and independent walking capability with or without walking aids before the fracture.
Study design
The patients were randomized (opaque sealed envelope technique) to a primary bipolar hemiarthroplasty (HA) or a total hip arthroplasty (THA). The aim of the present study was to evaluate the internal and external responsiveness of the SMFA in this patient cohort.
Methods
The primary assessment included a control of inclusion/ exclusion criteria and comorbidity [11] . The patients were asked structured questions regarding their prefracture mobility, i.e. the use and type of walking aids and activities of daily living (ADL) status according to Katz [12] . Furthermore, the patients were asked to rate their musculoskeletal function the week preceding the injury (recall) according to the SMFA [6, 7] .
The patients were summoned at 4 months (mean 4.1, SD 0.6) after the arthroplasty for an assessment of Harris hip score (HHS) [13] and SMFA. Four patients were deceased before the 4-month follow-up, and another five had missing values for the SMFA at inclusion and/or follow-up, leaving 111 patients in the study group.
Comorbidity was graded as A-full health, B-another illness not affecting rehabilitation, and C-another illness that affects rehabilitation [11] .
The Katz ADL index [12] status is based on an evaluation of the functional independence or dependence of patients in bathing, dressing, using the toilet, transferring, continence, and feeding. ADL index A indicates independence in all six functions and index B independence in all but one of the six functions. Indices C-G indicate dependence in bathing and at least one more function.
The Harris hip score (HHS) [13] assesses hip function in four dimensions: pain (0-44), function (0-47), absence of deformity (0-4), and range of motion (0-5). The maximum score possible is 100. The HHS has shown high validity and reliability in patients with osteoarthritis treated with a THA and is recommended to be used to study the clinical outcome after femoral neck fractures [14] and hip arthroplasty [15] .
The 46-item SMFA questionnaire [6, 7] comprises two parts: the Dysfunction Index with 34 items and the Bother Index with 12 items. The Dysfunction Index assesses the patients' perceptions of the amount of difficulty they experience in the performance of certain functions (25 items) and how often they encounter difficulties when performing certain functions (9 items). The Dysfunction items are grouped into four categories: daily activities, emotional status, function of the arm and hand, and mobility. Each item has a 5-point response format (1 point for good function and 5 points for poor function). The Bother Index asks the patients to assess how much they are bothered by problems in different areas of life (e.g. recreation, work, sleep, and rest). These items also have a 5-point response format (1 point for not bothered at all and 5 points for extremely bothered). The scores of the Dysfunction and Bother Indices are calculated by summing up the responses to the items and then transforming the scores according to the formula: (actual raw score -lowest possible raw score)/(possible range of raw score) 9 100. This transformation gives the final scores ranging from 0 to 100, a higher score indicating poorer function. In this study, only the summed Dysfunction and Bother Indices were used. A comparison of the preinjury ratings with the values of a reference population was not possible because there is as yet no available Swedish reference population for the SMFA.
Responsiveness
Although a primary hip arthroplasty has been shown to yield a favorable outcome after treatment of a displaced femoral neck fracture, there is a substantial decline in function which is most pronounced during the early phase of rehabilitation [16] [17] [18] .
Internal responsiveness
To evaluate the internal responsiveness of the instruments, the observed change and the standardized response mean (SRM) in relation to the change in the Dysfunction Index and the Bother Index were reported for all patients.
External responsiveness
An external criterion (EC) was constructed by using the HHS score results at the 4-month follow-up. Since half a standard deviation has been described to approximately reflect a Minimally Important Difference (MID), we used this approach to define three clinically different groups with regard to the HHS score [19] [20] [21] . The first group (1) was labeled as ''Good outcome'' and consisted of patients with scores SD above the mean HHS score, the second group (2) was labeled as ''moderately good outcome'' and consisted of patients with HHS scores within SD from the mean (±), and the third group (3) was labeled ''less good outcome'' with scores SD below the mean of the HHS. Accordingly, 31 patients were defined as having a good outcome (HHS score [ 86.3), 56 as having a moderately good outcome (HHS score 74.4-86.3), and 24 having a less good outcome (HHS score \ 74.4).
Two methods were used to evaluate the external responsiveness. First, by employing receiver operating characteristic (ROC) curves [5] to calculate the sensitivity and the ''false positive rate'' (1-specificity) based on the change scores (prefracture-4-month follow-up) from the Dysfunction and the Bother Indices. The above presented EC was used as the external criterion in the ROC analyses. The proposed hypothesis was that both SMFA indices should be able to significantly discriminate between the outcomes according to the EC.
Second, logistic regression was employed to produce a relative estimate of how much variance in the EC could be explained by the change scores (prefracture-4-month follow-up) from the two rating scales, i.e., how much a one-point alteration in the change scores influenced the risk of having a less good outcome (the term ''risk'' is applied in a statistical sense, and no causal relationship between the change scores and the EC is intended).
Statistical methods
The statistical software used was SPSS 17.0 for Windows. A paired samples t test was used to compare changes between scores from the prefracture state (pre) andStandardized Response Mean (SRM): the observed change divided by the standard deviation of the observed change. The SRM provides a measure for comparing instruments, and the construct makes it less sensitive to sampling sizes than the often used standardized effect size (SES) [23] . The SRM is regarded as large ([0.8), moderate (0.5-0.8), or small (\0.5) [23] [24] [25] .
Confidence intervals (95%) for the SRM were calculated assuming that the change scores were normally distributed with a mean of zero and the standard deviation set to 1 over the square root of the sample size [23] . To test whether the change scores were normally distributed, one-sample Kolmogorov-Smirnov tests were applied. The Kolmogorov-Smirnov z was 0.98 (n.s.) for the Dysfunction Index change scores and 1.12 (n.s.) for the Bother Index change scores, thus indicating that the distribution of the change scores was not different from a normal distribution.
ROC curves were used to depict the sensitivity and specificity of different change scores. This analysis gives information about the size of the area under the curve, which is the probability of correctly identifying patients with the defined outcomes according to HHS (EC) from randomly chosen pairs of patients with different outcomes. This area ranges from 0.5, meaning no discriminatory accuracy, to 1.0, which approached perfect accuracy in distinguishing patients by this criterion. The calculation of ROC curves depends on the existence of a dichotomized EC.
Odds ratios from separate logistic regressions were calculated with the EC as the dependent variable and the change scores as independent variable. Nagelkerke's R 2 was used to estimate the variance in the EC explained by the independent variable. It should be noted that the estimation of R 2 (Nagelkerke's R 2 ) should not be interpreted as being similar to R 2 in a linear regression model since R 2 values from logistic regressions are usually low compared to R 2 figures from linear regression models [26] . However, Nagelkerke's R 2 can be meaningful when regression models are compared, as in this study.
Ethical approval
The study was conducted according to the Helsinki Declaration. All patients gave their informed consent to participate in the study, and the protocol was approved by the local Ethics Committee (Huddinge, reference no. 276/00).
Results
Baseline data
Baseline data and measurement characteristics for the Dysfunction and Bother Indices for all patients included are given in Table 1 . As can be seen, no ceiling effects (i.e. worst possible score, SMFA = 100) were displayed for the measures, but the Bother Index has a relatively high percentage of floor effects (i.e. best possible score, SMFA = 0).
Results of intervention
The result of the treatment has been presented previously [16] . In summary, the results indicate that a THA gives better hip function than a bipolar HA as soon as after one year without increasing the complication rate.
Responsiveness
Internal responsiveness
Observed changes were statistically significant for both indices, and an inspection of the SRMs showed a large effect size for the Dysfunction Index and a moderate effect size for the Bother Index (Table 2) .
External responsiveness
On the basis of the change scores from both the Dysfunction and Bother Indices, it was possible to discriminate between patients with a less good outcome versus those with a moderately good or good outcome. This was indicated both by a visual inspection of the ROC curves (Figs. 1, 2) and by the statistically significant figures (Table 3) . However, patients with a good versus a moderately good outcome were not possible to differentiate using the change scores from the SMFA Indices ( Fig. 3 ; Table 3 ). The logistic regressions provided support for the external responsiveness of the two rating scales (Table 3 ) to discriminate between patients with a less good outcome versus a moderately good or good outcome. However, the ability of the change scores from the SMFA Indices to differ between patients with moderately good versus a good outcome was limited as reflected in the confidence intervals including unity and low figures from Nagelkerkes R. The percentage of correctly classified cases was 64% (good/moderately good), 80% (good/less good), and 74% (moderately good/ less good) for both the Dysfunction and Bother Indices.
The logistic regressions consistently used the less favorable outcome according to the HHS (of the two compared outcomes) as the reference category. The analyses provide support for the external responsiveness of the two rating scales (Table 3) in that the risk of having a less good outcome decreases as the value of the change scores becomes more positive (indicated by an odds ratio above unity).
A complementary correlation analysis of the change scores of the two indices was also carried out and yielded a coefficient (Spearman's rho) of 0.72, i.e., the overlap between the indices was relatively large. 
Discussion
The focus of this study was on evaluating the responsiveness of the SMFA in patients with hip fractures. The results showed that the responsiveness, defined as the ability of the SMFA to detect clinically important changes [27] , was found to be generally good. Both the Dysfunction and the Bother SMFA Indices displayed good internal responsiveness as expressed by significant change scores and by moderate to large SRMs. The external responsiveness of both SMFA Indices was also acceptable as indicated by the ROC curve and logistic regression analyses showing that both indices were able to discriminate between patients with a less good outcome versus a moderately good or good outcome based on the EC. However, the ability of the SMFA Indices to differentiate between patients with a moderately good versus a good outcome could not be confirmed. Our results also confirmed that elderly patients with hip fractures operated on with a primary bipolar HA or a THA had a relatively good outcome already at 4 months even if they had not reached the same functional level of the SMFA as before the fracture. The SMFA was developed as an instrument to be used for a wide range of patients with common musculoskeletal disorders seen in clinical practice [6, 28] . Previous studies have shown that different injuries appear to have a similar functional impact as seen from the patient's perspective [29] [30] [31] [32] [33] . However, as far as we know, there are no previous published studies focusing specifically on patients with hip fractures.
On looking at the prefracture SMFA ratings of our study population, it can be noted that in comparison with the North American ''uninjured'' population normative values for the age group [60 years [34, 35] , our patients had somewhat better (lower) scores. This fact can either be regarded as confirmation that our patients were rather healthy before the hip fracture or that their prefracture ratings were affected by recall bias, i.e. the patients considered themselves healthier before the fracture than they actually were. We asked the patients during hospitalization to rate retrospectively their health status the week before the fracture. Since a prospective collection of baseline data for a specific injury population is impossible, the alternative methods often used are preinjury recall, used in this and other trauma studies [36] [37] [38] , and/or population values. In our previous studies on hip fracture patients [37, 38] , we have used the same approach for the EQ-5D [39] and found that the patients' ratings were very similar to those of an age-matched Swedish reference population [40] . Moreover, there is a recent study reporting that older patients accurately can recall their previous health status up until 6 weeks [41] . Therefore, we believe that the effect of recall bias can be considered to be limited and that it is more likely that our somewhat lower SMFA values were related to a generally healthy elderly population. Our patients were independent walkers from independent living conditions without serious comorbidities and were assessed by the anesthesiologist to be fit enough for a primary hip arthroplasty, meaning that there were no other serious current health problems that would affect their preinjury SMFA scores [34] .
Previously published SMFA data suggest that the patients' opinion of the total negative impact of a musculoskeletal injury on functional outcome is higher than what is generally expected and relatively often in contrast to traditional physician-oriented clinical outcome assessments [34] . As expected, the SMFA scores of our patients were significantly higher (worse) at 4 months compared to their The ''less good outcome'' was a reference category in all logistic regressions except in the analyses of good versus moderately good outcome where ''moderately good'' was reference *** P \ 0.001
preinjury ratings. A comparison with previous studies is difficult, since there are only a few papers reporting longitudinal SMFA data [34, 42] and, as far as we know, only one on hip fracture patients. In a recently published retrospective cohort study with a mean 50-month follow-up on 26 multitrauma patients with ipsilateral intertrochanteric hip and femoral shaft fractures, Peskun and coworkers [43] reported results in the Dysfunction Index that were comparable to ours, while their results for the Bother Index were worse, probably reflecting the outcome after a more severe injury in a multitrauma population. The internal responsiveness was good for both the Dysfunction and Bother Indices based on the relatively large observed change between the prefracture status and the 4-month follow-up and the moderate to large SRMs, moderate for the Bother Index and large for the Dysfunction Index. The internal responsiveness can be quantified by the standardized effect size (SES) and/or the SRM. As previously stated [37] , the SRM is probably the preferred statistical measure as the SRM employs the standard deviations of the change scores as the denominator, which may be advantageous in comparison with the often used SES where the standard deviation of the baseline scores is used, and thus not reflecting changes over time. As mentioned earlier, a relatively large decline in function can be expected during the early phases of rehabilitation after a hip fracture and, concerning internal responsiveness, this relatively large change in the present study may make an evaluation of the ability of the indices to detect smaller changes in function more difficult. However, we interpret the large change scores and SRMs for the SMFA indices as an indication of their responsiveness even to smaller changes in function.
With regard to the ROC curve and logistic regression analyses, both indices yielded relatively similar and significant results, providing support for the external responsiveness of both indices to discriminate between patients with a less good outcome in relation to patients with a moderately good or good outcome. However, the changes in these both SMFA Indices could not significantly differentiate between patients with a good outcome versus a moderately good outcome. This may be due to the differences in item content for the SMFA versus the HHS and that it takes a more pronounced change in the HHS to be reflected in the SMFA Indices. Furthermore, the group with a ''less good outcome'' contains a larger span of values (all values below a score of 74.4 on the HHS), that is, the most deteriorated patients.
There is no consensus on the construction of the EC except that it should reflect clinically important differences between patients. In our study, we used the HHS score from the 4-month follow-up as the EC since, according to the inclusion criteria, the patients did not have any current hip problems before the fracture event. As seen in Table 1 , this appears to be reasonable since very few patients had pronounced problems with their mobility and ADL, or suffered from other comorbidities. Consequently, the HHS scores at the 4-month follow-up were thought to mirror changes in hip function.
To construct the EC, we used a distributional method, that is, half a standard deviation above and below the mean, to define patient groups with clinically meaningful differences in outcome. As recommended in a recent review by Revicki et al. [20] , the best way to find minimally important differences (MIDs) for an instrument is to consult several sources of information to find relevant cut off scores. Optimally, so-called anchor-based methods should also be used in this quest. However, since no anchor-based recommendations could be found in the literature for the HHS, we chose the described method. Half a standard deviation appears to be a reasonable estimate of a clinically meaningful difference [19] [20] [21] . Nevertheless, the paucity of recommended cut off scores in this respect for the HHS can be seen as a limitation of the study, and we admit that the search for clinically meaningful differences can be both problematic and a great challenge [44] .
No ceiling effects for any of the SMFA indices were noted, i.e. none of the patients had the worst possible state of health before the injury, which is reasonable considering the health status of the study population. The floor effect, meaning that the patient had the best possible score, was more pronounced. Two percent of the patients reported the best possible score in the Dysfunction Index while almost 28% reported the best possible score in the Bother Index, i.e. 28% of the patients did not worry about their musculoskeletal function prior to the fracture. This may reflect a good level of social service and support for these patients as well as it may indicate that they have adjusted to their current functional level. The floor effect is not expected to be a problem in elderly patients with hip fractures, a condition with major morbidity, but could be a potential limitation in longitudinal studies where the studied injury/ disease may influence functional outcome to a lesser extent than a hip fracture.
The main limitation of the study was the relatively small sample size; however, the power of the study appeared to be sufficient to support the conclusion that the SMFA has a good internal and external responsiveness in elderly patients with hip fractures. The strength of the study was that the questionnaire was completed by the patients within a prospective trial with a high follow-up rate [45] . An additional strength is that we have reported the data elements for the SMFA, as recently recommended by Barei et al. [34] , thereby providing the possibility of future pooling of SMFA data from several studies including patients of different ages with different injuries/diseases affecting the musculoskeletal system. The focus of the SMFA is the function of the musculoskeletal system, and it thereby offers an opportunity to study patient groups with different injuries/diseases affecting the musculoskeletal system by using the same measure. However, in our opinion, the SMFA should be used preferably together with a validated instrument assessing HRQoL. This gives us the opportunity to compare the outcome with that of patients suffering from injuries/diseases not solely affecting the musculoskeletal system, e.g. using the EQ-5D, which is brief and easy to use in elderly patients [46] and has been validated in hip fracture patients [47] and displayed good responsiveness [37, 38] . Moreover, it also allows combining different dimensions of health to form an overall index, the EQ-5D index score, as required for healthcare evaluations [3] and for constructing quality-adjusted life years (QALYs), a measure frequently used in cost-effectiveness analyses.
In summary, responsive outcome measures are necessary for evaluating the efficacy and effectiveness of patient care. For instance, an outcome instrument with unknown or unsatisfactory responsiveness for a specific condition may not be able to detect a favorable outcome for a certain treatment and lead the researchers to draw the erroneous conclusion that the treatment was ineffective. Therefore, evaluating the responsiveness for different outcome instruments in defined patient populations, preferably within the context of a prospective trial, is an important task for research [45] . Moreover, several methods are available to evaluate responsiveness [8, 45] , and, accordingly, in this study we have employed a number of these methods to assess responsiveness in a comprehensive manner.
In conclusion, our study demonstrates that the SMFA had good internal and external responsiveness in patients with hip fractures and can therefore be recommended to be used as one of the measures for evaluating the outcome after a hip fracture in both clinical studies and clinical practice.
